INTRODUCTION
spinal units were hydrated in 1X PBS for 18 h at 4 °C. Superior and inferior vertebra were 126 gripped by microvises and, once secured, the sample was immersed in 1X PBS. A materials 127 testing system (Electropulse 1000, Instron, Norwood, MA, USA) applied twenty compression-128 tension cycles at a frequency of 0.5 Hz and the limit under displacement-control was determined 129 by noting linear stiffnesses. 
RESULTS

175
Aging and mechanical compression induce IVD degeneration. In order to determine the Taken together, aging and mechanical injury each induced IVD degeneration and together had an 187 additive effect, but the underlying mechanism was unclear. OSX by loading in 12 mo IVD trended to be less than the suppression in 5 mo IVD (interaction 200 p=0.06). Lastly, loading trended to upregulate markers of WNT signaling in 5 mo IVD, but no 201 response was noted in middle-age IVDs, other than the upregulation of β-Catenin in 12 mo IVD.
202
Aging reduced the expression of LRP5 and LRP6 (Fig. 1S) , and loading increased LRP5 and 203 AXIN2 expression in 5 mo IVD. In addition, aging and compressive loading increased IL1b and 204 TNF-a gene expression between 3-and 64-fold ( Fig. 1S) . These data suggest that, compared to 205 young-adult IVD, the degenerative-response of older IVD to compression is associated with less 206 chondrocyte-like expression and a disruption of the genes mediating chondrocyte accrual.
207
Protein expression of osterix delineated a cell phenotype shift by mechanical overloading in 208 the nucleus pulposus. In order to determine the location of the cells in the IVD expressing 209 osterix and to corroborate the reduction of osterix with IVD degeneration, we stained for osterix 210 protein in tail compressed IVD. First, osterix was expressed in osteoblasts of the cortical bone, 211 trabecular bone, and endplate of the tail and lumbar vertebrae (Fig. 3A) . In the tail and lumbar 212 IVD, nucleus pulposus and outer annulus fibrosus cells expressed osterix. Because the 213 suppression of osterix by mechanical compression was greatest in 5 mo IVD (Fig. 2) , we darkly stained cell nucleus by 50% (Fig. 3D) . The percentage of cells in the nucleus pulposus 218 with a large, lightly stained nucleus did not change significantly, but was twice as many in show little to no expression of the reporter (Fig. 4C) .
231
Osterix-specific deletion of LRP5 reduces WNT/β-Catenin signaling and mechanical 232 properties and induces IVD degeneration. In order to mimic the inactivation of WNT 233 signaling by aging and IVD degeneration, we targeted osterix-expressing cells to suppress LRP5. 234 Therefore, we bred LRP5 cKO (LRP5 cKO: OsxCreER T2 mice/LRP5 fl/fl /TOPGAL) and WT 235 mice (LRP5 fl/fl /TOPGAL). LRP5 deletion inactivated WNT signaling in lumbar and tail IVD 236 ( Fig. 5A, E) . In lumbar IVD, the KO reduced WNT signaling in the nucleus pulposus by 95% 237 and in the annulus fibrosus by 40%; retaining expression in the inner annulus fibrosus (Fig. 5B) . 238 In the tail IVD, the KO reduced WNT signaling in the nucleus pulposus by 60%, but did not 239 change WNT signaling in the annulus fibrosus as none was detectable ( Fig. 5F) . Deficiency of 240 LRP5 induced lumbar IVD degeneration originating from changes in the nucleus pulposus ( Fig.   241 5C, D), whereas histological changes were not noted in tail IVD (Fig. 5G, H) . Cell clusters, 242 unclear demarcations between the nucleus pulposus and the annulus fibrosus, and large inner 243 annulus fibrosus cells were the common degenerative features in the LRP5 cKO lumbar IVD.
244
Deficiency of LRP5 in osterix-expressing cells reduced the mechanical properties of the IVD.
245
Over the same range of motion ( Fig. 6A) , the structural stiffness of LRP5 cKO IVD was less 246 than the control IVD by ≥45% (Fig. 6B) . The morphology was not different between LRP5 cKO 247 and WT IVD and, therefore, the material stiffness (modulus) was reduced in cKO similar to the 248 structural property results ( Table 1) . (Fig. 7A ). Contrarily, despite reduced mRNA osterix and β-Catenin expression ( Fig. 7B) , 254 tail IVD had 2-fold more expression of notochordal markers, suggesting regeneration. We 255 already confirmed that LRP5 cKO IVD had less WNT signaling than WT IVD, therefore we 256 wanted to determine whether the remaining WNT signaling in the nucleus pulposus of KOs was 257 due to inefficient targeting of osterix. Osterix (brown) and WNT signaling (blue) prominently 258 co-stained in the WT (Fig. 7C) . In contrast, in LRP5 cKO IVD, a majority of the osterix-positive 259 cells appeared without WNT signaling and the cells that retained WNT signaling did not stain for 260 osterix. Lastly, gene expression of WNT signaling-related genes was highly correlated to 261 expression of the extracellular matrix and transcription factors. For instance (Fig. 2S) , β-Catenin 262 was associated with tensile stiffness (R 2 =0.60, p<0.05) and the mRNA expression of LRP5 263 (R 2 =0.78, p<0.05), and LRP6 was associated with aggrecan (R 2 =0.74, p<0.05) and RUNX2 264 (R 2 =0.85, p<0.01). 
249
LRP5-deficiency induces differential gene expression between lumbar and tail IVD. The
